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Infarction After Pretreatment With Aspirin 
WOLFGANG RUF, MD, GLENN T. SUEHIRO, BS, ANTHONY SUEHIRO, BS, 
J. JUDSON McNAMARA, MD, FACC 
Honolulu, Hawaii 
The effects of aspirin on myocardial blood ftow in an 
area of ischemia were studied in 12 baboons. In each, a 
diagonal branch of the left anterior descending coronary 
artery was ligated. Six of the baboons received aspirin 
(2 x 600 mg orally, 12 hours and 1 hour before ligation); 
the other six did not receive aspirin and served as a 
control group. 
The extent of myocardial ischemia was delineated 
with an electrode wire grid on the surface of the anterior 
left ventricular wall. The maximal area circumscribed 
by electrodes with 2 m V or more ST segment elevation 
was compared with the area of reduced myocardial blood 
ftow. Myocardial blood ftow was measured with the ra•
dioactive microspheres method using strontium-85-labeled 
carbonized spheres. Two areas of reduced myocardial 
blood ftow were noted, one with severely reduced ftow 
in the center of the myocardial infarct (0 to 49% of 
Platelets have been shown to have reduced survival time in 
humans with coronary artery disease (1). Furthermore, a 
plasma factor has been documented in patients with ischemic 
heart disease which induces changes in platelet shape similar 
to those noted in platelets participating in thrombus for•
mation (2). Platelet aggregates have been demonstrated 
downstream from an area of acute coronary thrombosis in 
animals and humans (3) and platelet trapping has been shown 
to occur in the area of evolving infarction in experimental 
animals (4,5). Although the exact role of the platelet in the 
genesis of acute myocardial infarction has not been defined, 
the formation of microvascular platelet plugs may be one 
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noninfarcted myocardium) and another with mild to 
moderately reduced myocardial blood ftow at the border 
of the myocardial infarct (50 to 90% of noninfarcted 
myocardium). 
Myocardial blood ftow in the border area (margins 
of ST elevation area) for the total wall was 85 ± 8% of 
normal in the aspirin-treated animals and 40 ± 4% in 
the control group (p < 0.01); for the epicardium it was 
67 ± 10% of normal in noninfarcted myocardium after 
aspirin and 37 ± 5% for the control group (p < 0.05); 
and for the endocardium it was 78 ± 8% of normal in 
noninfarcted myocardium after aspirin and 39 ± 6% 
in the control group (p < 0.01). The data demonstrate 
improved myocardial blood ftow at the margins of an 
experimental infarct in primates pretreated with aspirin. 
(J Am Coll CardioI1986;7:1057-62) 
factor responsible for the evolutionary enlargement of an 
infarct over the first few hours after its inception. The amount 
of platelet trapping can be significantly reduced by aspirin 
administration, as has been demonstrated with epicardial 
electrocardiogram recording and chromium-51 platelet tag•
ging (4,5). 
The purpose of this study was to determine whether the 
observed reduction in platelet trapping afforded by aspirin 
administration has any effect on myocardial blood flow in 
the infarcted area. Convincing evidence has been accu•
mulated that ST segment elevation accurately reflects the 
area of myocardial ischemia in the tissue underlying the 
electrode (6-10). The measurements of myocardial blood 
flow with radioactive microspheres has been extensively 
utilized to study the effects on blood flow of a variety of 
interventions considered to be potentially beneficial in pre•
serving myocardium after acute myocardial infarction (11-16). 
The present study utilizes both analysis of data on ST seg•
ment elevation and measurement of myocardial blood flow 
to assess the influence of aspirin on the ischemic myocar•
dium seen in a baboon heart after artery ligation. 
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Methods 
Experimental preparation. Twelve apparently healthy 
baboons (Papio anubis), weighing 13 to 15 kg, fasted for 
18 hours. Six animals received aspirin (Bayer) orally 12 
hours and 1 hour before the experiment, for a total dosage 
of 1,200 mg. Six animals did not receive aspirin and served 
as controls. After initial administration of phencyclidine 
hydrochloride (Semylan, 6 cc intramuscularly) anesthesia 
was maintained with sodium pentobarbital intravenously. 
Subsequently, the animal was intubated and placed on a 
Harvard respirator to maintain adequate ventilation. 
Both femoral arteries, a brachial artery and a femoral 
vein were exposed through small skin incisions and can•
nulated. Two arterial lines served for reference sampling 
and a third allowed continuous measurement of arterial pres•
sure. A venous catheter was used for intravenous drug and 
fluid administration (isotonic saline or Ringer's lactate so•
lution). After a fifth intercostal space thoracotomy, the heart 
was exposed in a pericardial cradle. A major diagonal branch 
of the left anterior descending artery was isolated and en•
circled with a 5-0 Prolene snare. Electrodes forming a grid 
were fixed to the epicardium as previously described (10). 
This electrode grid covered the entire anterior and antero•
lateral left ventricular wall and contained 65 to 72 electrode 
points. A 5F catheter was inserted into the left atrium for 
injection of microspheres. 
Method of electrocardiographic recordings. Each of 
the epicardial electrocardiographic leads was connected to 
an input jack of a control switch box, which was in tum 
connected to a four-channel Brush recorder. Thus, four leads 
were recorded simultaneously and the switch box allowed 
recording for all leads in rapid sequence over a 2 minute 
period. A control recording was obtained at a paper speed 
of 25 mmls with a 1 mV calibration signal equivalent to I 
mm vertical deflection on the chart paper. Occasionally, ST 
segment elevation of 2 or 3 m V at two or three points was 
transiently noted because of local operative trauma. The 
experiment was begun after any ST segment elevation had 
decreased below 2 m V. Then the snare was tightened and 
the electrocardiogram recorded at 10, 20, 30, 40, 60, 90 
and 120 minutes after ligation and hourly thereafter until 
termination of the experiment 6 hours after ligation. ST 
segment elevation of 2 m V or more was used as an index 
of "significant" myocardial injury (17,18). The temporal 
progression of the number of electrodes with significant ST 
segment elevation and the mean ST segment elevation have 
been described and analyzed previously for baboons. In the 
present study based on this previous work, the maximal area 
of ST segment elevation was used for comparison with the 
area of altered myocardial blood flow. Maximal area ST 
elevation usually occurred at 60 to 90 minutes after ligation. 
Method of microsphere technique for blood flow de•
termination. After induced death at 6 hours the heart was 
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excised, rinsed in saline solution and fixed for 12 hours in 
formalin. Subsequently, the free left ventricular wall was 
cut into 5 mm wide strips along the electrode rows. These 
strips were divided so that each specimen corresponded to 
a single electrode wire. The resulting wedge-shaped slice 
was again divided into an epicardial and endocardial half 
and these specimens, weighing approximately 0.2 to 0.3 
mg, were finally placed into glass test tubes and the radio•
activity was counted. Regional left ventricular blood flow 
was measured with radioactive microspheres. The method 
is based on the principle that microspheres injected into the 
left atrium distribute systemically in proportion to the blood 
flow and are trapped in the precapillary arterioles in their 
first passage through the circulation. The number of particles 
Figure 1. The area of ST segment elevation is projected over the 
area of severely reduced myocardial blood flow [0 to 50% of 
non infarcted myocardium (NIM)) for two representative animals. 
The area of reduced myocardial blood flow (MBF) in relation to 
ST segment elevation ( i ) was always smaller in treated animals 
than in control animals. ENDO = endocardium; EPI = epicar•
dium. 
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Table 1. Number of Samples Outside the Area of ST Segment Elevation 
Percent MBF 
Group ofNIM Total Wall Epicardial Endocardial 
AspIrIn-treated o to 49 1.8 ± 06 3.6 ± 2.4 5.2 ± 24 
50 to 90 16.0 ± 2.8 27.0 ± 5.0 31.0 ± 5.0 
Control o to 49 1.8 ± 06 3.0 ± 16 2.8 ± 17 
50 to 90 29.0 ± 30 25.0 ± 3.0 26.0 ± 3.0 
MBF = myocardial blood flow; NIM = nonmfarcted myocardIUm 
in any region of the myocardium determined from the ra•
dioactivity is proportional to the blood flow to that region. 
The spheres (3M Company) were composed of 1 mCi of 
nuclide suspended in 10 ml of 10% dextran with one drop 
of Tween 80 to minimize clumping. They were labeled with 
the gamma emitting nuclide strontium-85 and were 15 ± 
5 JLm in size. Approximately 2 million microspheres sus•
pended in 5 ml saline solution were injected within about 
IO seconds into the left atrium within 2 hours after ligation. 
This point was chosen because maximal area of ST segment 
elevation and sum of ST segment elevation had reached 
their highest values by this time. Before injection, the vial 
containing microspheres was vigorously agitated on a me•
chanical mixer for IO minutes and then placed into an ul•
trasound bath for another 2 minutes to eliminate clumping 
of the spheres. Two reference blood samples were simul•
taneously withdrawn from stiff-walled 5F catheters in the 
brachial or carotid and femoral arteries with a Harvard with•
drawal pump at a rate of 4 mllmin for 2 minutes, beginning 
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5 seconds before injection of the microspheres. The cath•
eters were tied into the arteries about I mm from the tip so 
that trapping of the microspheres between the catheter and 
the vessel wall would be minimized. There was no change 
in heart rate or arterial pressure with the microsphere in•
jections. The radioactivity of these samples was then de•
termined in a Beckman scintillation counter. As the method 
assumes that the ratio of a known organ flow (Qk) and organ 
radioactivity (Ck) will be the same in all organs, the flow 
to any other organ (Qu) can be calculated after measuring 
its radioactivity using the formula (Cu):Qu = (Qk/Ck) X 
Cu' The counts per minute for the isotope in the reference 
samples did not differ by more than 15%. The relation of 
reference flow to reference radioactivity was averaged over 
the two samples. The specimens were counted at a window 
from 470 to 570 keY. 
To eliminate normal variations in myocardial blood flow 
from animal to animal so that aspirin-treated and control 
groups could be compared, myocardial blood flow in each 
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grid sample was expressed as a percent of the blood flow 
in noninfarcted myocardium from the same animal. This 
was accomplished by counting a sample of myocardium 
from the posterior left ventricle distant from the infarct, 
calculating blood flow and dividing each grid myocardial 
blood flow value by the noninfarcted myocardium value. 
Blood flow was then expressed as percent of noninfarcted 
myocardium. 
Statistical methods. Computer analysis produced flow 
values for each specimen on a grid, so that a point com•
parison between the electrocardiographic map and the myo•
cardial blood flow map was possible. However, because of 
the small sample size for each grid point, we elected to 
avoid point to point comparison and only used the flow data 
at each point to define the margins of the ischemic and 
infarcted area on the basis of microsphere concentrations, 
as described later. 
The margins of the ischemic area/infarct are defined, for 
purposes of data analysis, in two ways: first, in terms of 
an electrical perimeter where the margin is a zone 0.5 cm 
wide comprised of the squares immediately adjacent to and 
inside the border of significant ST segment elevation and 
second, in terms of blood flow in which the margin com•
prises a one square wide perimeter of squares lying im•
mediately adjacent to and outside the area in which myo•
cardial blood flow is less than 50% of noninfarcted 
myocardium. The statistical significance of the data to be 
compared was evaluated by means of the unpaired Student's 
t test. 
CENTER ---
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Figure 3. Grouped data for myocardial blood 
flow (MBF) expressed as percent of nonin•
farcted myocardium for the border and cen•
ter. The center is defined as the area circum•
scribed by specimens with 0 to 49% of 
noninfarcted myocardial blood flow and the 
border as the samples adjacent to this area . 
Crosshatched columns = controls; empty 
columns = aspirin-treated animals; other ab•
breviations as in Figures I and 2 . 
Results 
Myocardial blood flow. Severely reduced myocardial 
blood flow (0 to 50% of noninfarcted myocardium) occurred 
in a central area of contiguous individual samples with myo•
cardial blood flow less than 50% of noninfarcted myocar•
dium. A perimeter area occurred in which specimens with 
lesser degrees of reduced flow (50 to 90% of noninfarcted 
myocardium) surrounded the central area of severely re•
duced flow. Consistent correlation between the area of ST 
segment elevation and the area of severely reduced myo•
cardial blood flow was observed. 
These observations are depicted in Figure 1 for two rep•
resentative control and aspirin-treated animals. The center 
of the infarct (as defined by myocardial blood flow < 0 to 
50% of noninfarcted myocardium) was consistently smaller 
in aspirin-treated animals than in control animals. In both 
aspirin-treated and control animals, less than 5% of the 
specimen with myocardial blood flow and less than 50% of 
noninfarcted myocardium lay outside the area of significant 
Table 2. Endocardial/Epicardial Blood Flow Ratios 
Noninfarcted Myocardial 
Group Myocardium Infarct p Value 
Aspirin-treated (n = 6) 1.26 ± 0.04 1.57 ± 0.18 >0.05 
(mean %) 
Control (n = 6) 1.27 ± 0.06 1.60 ± 0.10 <0.05 
(mean %) 
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ST segment elevation, whereas 31 % of specimens with myo•
cardial blood flow less than 50 to 90% of noninfarcted 
myocardium lay outside this area of greater than 2 m V ST 
segment elevation (Table 1). 
Center versus border zones. By defining the center and 
border area of the infarct in terms of the area of significant 
ST segment elevation (as described earlier) a significant 
increase in myocardial blood flow was noted at the electri•
cally defined infarct margins in aspirin-treated animals when 
compared with control animals (Fig. 2). Similarly, flows in 
the center of the infarct appeared lower in control animals, 
but then differences were significant only for the total wall 
and not when epicardium and endocardium were estimated 
separately. 
Defining the border zone in terms of the areas of reduced 
myocardial blood flow demonstrated similar differences in 
control and treated animals. When the marginal zone was 
defined as all squares adjacent to the central area of myo•
cardial blood flow less than 50% of that in non infarcted 
myocardium, a consistent improvement of marginal blood 
flow was noted in aspirin-treated animals (Fig. 3). Blood 
flow in the central area of severely reduced flow in aspirin•
treated animals was not significantly different from that in 
control animals. Table 2 shows the endocardial to epicardial 
flow ratios in normal and ischemic myocardium for both 
control and aspirin-treated animals and in the area of infarct 
as defined by area of significant ST segment elevation for 
both groups. These values were similar in the two groups, 
although the ratio was higher in the area of infarction in 
control animals. 
Discussion 
Correlation of myocardial flow with ST segments. 
Our results demonstrate a significant improvement in blood 
flow after aspirin pretreatment in the border area of a myo•
cardial infarct induced by a left anterior descending artery 
diagonal branch ligation in open chest anesthetized baboons. 
We did not perform point to point comparison between 
absolute values of ST segment elevation and corresponding 
reductions in myocardial blood flow, but rather looked at 
area comparison between overall areas of ST segment el•
evation and areas of myocardial blood flow. Point to point 
values were only considered in defining the margins of the 
area of ischemia, either in terms of ST segment elevation 
or reduced myocardial blood flow. We found an excellent 
correlation between the area of ST segment elevation and 
the area of lowest flow (0 to 49% flow area). In both aspirin 
and untreated groups, less than 5% of specimens with se•
verely reduced flow were found outside the area of ST 
segment elevation, whereas up to 31 % of specimens with 
mildly reduced myocardial blood flow (50 to 90%) occurred 
outside the ST grid. 
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Previous reports: relation between ST elevation and 
blood flow. Although the relation between ST segment el•
evation and myocardial blood flow was not strictly quan•
titative, it was better than that demonstrated by Smith et a1. 
( 19), who used ST segment and flow comparisons over an 
area of infarction using a 14 point electrode grid. We believe 
this difference relates to relatively poor resolution of data 
obtained from a grid with only 14 points as compared with 
the 65 to 72 point grid described in this study. The relatively 
high number of samples (up to 31 %) with mild to moderately 
reduced flow group (50 to 90%) lying outside the electrically 
defined marginal zone has been noted by other investigators 
(19-21). 
Although ST elevation recorded from the epicardium is, 
in general, accepted to indicate changes in myocardial mem•
brane potential due to hypoxia in the underlying myocar•
dium (22), there are a number of reports (20) showing that 
ST segment elevation frequently does not occur at some 
sites showing creatine kinase depletion (20). Thus, the ex•
planation for the relatively poor correlation between ST 
segment elevation and the area of mild to moderately re•
duced myocardial blood flow might relate to areas of non•
critical blood flow reduction not severe enough to induce 
ST segment elevation. 
Kjekshus et a1. (20), comparing ST segment elevation, 
myocardial blood flow and creatine kinase depletion, found 
a quantitative relation between ST segment elevation and 
subepicardial cell death as defined by creatine kinase de•
pletion and also noted that the contribution of endocardial 
ischemia toward producing ST segment elevation was "rel•
atively insensitive." Timogiannakis et a1. (23) observed a 
wide range of ST segment changes for a given reduction in 
myocardial blood during partial coronary artery occlusion. 
They described ST segment depression in epicardial sites 
overlying normal and hyperemic flow zones at the periphery 
of the ischemic lesion. 
Correlation with extent of infarction. Irvin and Cobb 
(21), assessing the relation between epicardial ST segment 
elevation, myocardial blood flow and histologic extent of 
myocardial infarction in awake dogs, found that ST segment 
elevation was limited to the region in which blood flow was 
reduced by 50% or more. Thus, the presence of ST segment 
elevation reliably indicated ischemia, although it did not 
always predict infarction. Furthermore, the correlation be•
tween reduced myocardial blood flow and histologic extent 
of infarct was considerably better than that between ST 
segment elevation and infarction. On the other hand, we 
have shown excellent correlation between ST data obtained 
from an electrode grid and ultimate infarct size. It is now 
clear that this variance with some of the studies cited, which 
were all performed in dogs, probably reflects the absence 
in the baboon of the naturally occurring coronary collateral 
vessels that are always found in the subepicardium of dogs 
(24,25). 
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Blood flow in border areas. Occasionally, normal and 
moderately increased blood flow was noted in border areas 
(as defined by the ST segment elevation grid) with signif•
icant ST segment elevation (Fig. 2). This is explained at 
least in part by the fact that at times, because of ventricular 
geometry, two electrode points had to be cut as a single 
sample to provide sufficient sample size to ensure accuracy 
in isotope counting and blood flow calculation. Thus, some 
flow determinations at the border actually represent the mean 
flow of two overlying electrode areas, one of which might, 
in reality, have a normal and the other an elevated blood 
flow. To keep the counting and calculation error below 25%, 
it was necessary to have no specimen weight above 0.2 mg 
in the area of moderate to mild flow reduction (roughly 
>400 spheres per specimen) (26). Thus, the compromise 
between sample size and amount of radioactivity unfortu•
nately sometimes resulted in slightly blurred flow margins 
at the border areas defined by ST segment elevation. 
Role of pretreatment with aspirin. We elected a pre•
treatment regimen because of all the clinical work on aspirin 
in prevention of infarction and mortality in patients with 
coronary artery disease (27). Although this point remains 
somewhat controversial, the weight of evidence has pro•
moted the widespread use of aspirin, so that pretreatment 
is likely to occur commonly. Furthermore, the dosage, al•
though large, was selected to ensure absorption of some 
aspirin. The dose used in human clinical trials is also very 
large compared with what one would predict to be necessary 
on the basis of the dosage required for platelet effect. 
In conclusion, in spite of all the preceding considerations, 
the present data demonstrate improved myocardial blood 
flow with pretreatment with aspirin at the margins of a 
ligature-induced myocardial infarct in baboons. 
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